Experimental Section
Ball milling of silicon monoxide powders: As-received silicon (II) monoxide powders (Alfa Aesar, 325 meshes, >99.8 wt.% in purity, >10 µm in diameter) were ground for 3 h at 50 rpm using a planetary ball mill mixer (Across International, PQ-N04) before being used to fabricate asymmetric membranes and control electrodes.
Fabrication of asymmet ric membranes containing micron-s iz e silicon monoxide:
Polyacrylonitrile (PAN) (Mn=150,000; Pfaltz & Bauer) solution was prepared by dissolving 1.0 g of PAN in 10 mL N-methyl-2-pyrrolidone (NMP) (Sigma Aldrich, >99.5%) using an ultrasonic bath. Then, SiO slurry was prepared by uniformly dispersing 0.70 g ball milled silicon (II) monoxide powders and 0.17 g carbon black (CB, TIMCA L SUPER C45 with a surface area of 45 m 2 g -1 ) in the PAN solution via ultrasound followed by coating the slurry onto a glass plate using a doctor blade with a wet coating thickness of 200 µm. The coated glass plate was then immersed in deionized water for 30 minutes to complete the phase inversion. The detached asymmetric membrane was placed in ethanol for another 30 minutes to remove residual moisture. Finally, the membrane was carbonized for one hour at 500 o C and 800°C, respectively, using a tubular furnac e (Lindberg/Blue M™ 1100°C) in helium gas (99.9999%, Airgas He UHP300, 200 sccm). The temperature was ramped at rate of ~60°C min -1 . The membranes are labelled PAN/SiO 500 and PAN/SiO 800 to represent the carbonization temperature. To further reduce the electrode expansion and improve the membrane conductivity, we also used 0.35 g ball milled silicon (II) oxide powders, 0.10 g carbon black and 0.35 g graphite powders to make SiO asymmetric membranes which were annealed at 800°C using the same conditions as mentioned above and labelled PAN/SiO/Graphite 800 herein. Its columbic efficiency is expected to be higher than PAN/SiO 500 and PAN/SiO 800, due to the use of less CB and SiO. [1] Fabrication of micron size silicon monoxide control electrode: 0.60 g ball milled SiO power, 0.10 g polyvinylidene difluoride (PVDF, MTI Corporation) and 0.30 g carbon black were dispersed in 10 mL NMP through 2 hrs sonication to create a homogeneous slurry. The slurry was then coated onto a copper foil (11 µm thick from MTI Corporation) using a doctor blade set with a wet coating thickness of 200 µm. After being dried, the foil was punched into 15 mm diameter disks before being assembled into coin cell batteries. The control electrode contains 60.0 wt.% SiO that is very comparable to 60.3 wt.% SiO in PAN/SiO 800 electrode as discussed in the results section.
Characterization: A field emission scanning electron microscope (JEOL JSM-7600F) equipped with a transmission electron detector was used for morphology and structure characterizations. Raman spectra were collected using a ThermoScientific DXR SmartRaman Spectrometer with an X10 lens magnification, collection time of 300 seconds, 532 nm laser of 2 mW, and 25 µm slit aperture. A Siemens-Bruker D5000 powder diffractometer with Cu-Kα radiation in the θ/θ configuration was used. The diffractometer was operated at 40 kV and 30 mA. Measurements were made from 10° to 80° (2θ) at a rate of 1°/min with a step size of 0.02° (2θ). The oxidation states of silicon in the membranes were determined using an X-ray photoelectron spectroscopy (PHI 5000 Versaprobe XPS system from Physical Electronics, Inc.), which employed monochromatic Al Kα X-rays of energy 1486.6 eV. The take-off angle was kept constant at 45°. The amount of silicon monoxide was determined using a thermogravimetric analyzer (TA Instruments Q50 TGA). Compressed air (Ultra Zero, Airgas) with a flow rate of 40 mL min -1 was used as the purging gas. The temperature was ramped from room temperature to 800 o C at a rate of 10°C min -1 and maintained at 800 o C for 30 minutes. Brunauer-Emmett-Teller (BET) surface areas were obtained using a Micrometrics ASAP 2020 Surface Area. Samples were degassed at 50 µTorr and 300°C for 60 minutes before surface area measurements. Nitrogen adsorption and desorption was carried out at 77 K using ultra high purity nitrogen gas (Airgas UHP300, 99.9999%).
Electrode preparation and electrochemical analysis: Asymmetric membranes, PAN/SiO 500, PAN/SiO 800 and PAN/SiO/Graphite 800 were glued to a copper current collector (15 mm diameter, 11 µm thickness; MTI Corporation) using a suspension made of 0.10 g carbon black and 0.10 g of PVDF in 3 mL NMP or 0.2 g carbon black and 0.10 g carboxymethyl cellulose sodium salts (CMC; Mw ≅ 90,000; ACROS) in deionized water to make the electrodes. Electrodes were then dried in an oven of 100° C for at least 4 hrs to remove residual moisture and NMP solvent. In the next step, these dried electrodes were assembled into 2032 coin cells (MTI Corporation) using Li metal as the counter electrode and 60 µL electrolyte consisting of 1 M LiPF6 dissolved in ethylene carbonate (EC), dimethyl carbonate (DMC), and diethyl carbonate (DEC) with a 1:1:1 v/v ratio (MTI Corporation). A polypropylene/polyethylene membrane with pore size of 0.21 × 0.05 µm (MTI Corporation) was used as separator. Micron size silicon monoxide control electrodes were assembled into coin cells using the same method as mentioned above. The whole battery assembly was carried out in an argon filled glove box (LCPW, LC Technology Solutions, Inc.) with both oxygen and water content <1 ppm. The mass loadings of SiO asymmetric membrane and control electrodes range between 1-2 mg. Galvanostatic cycling of the LIBs was carried out on a Bio-Logic VMP3 multi-channel potentiostat with a voltage window of 0.01-2.00 V vs. Li + /Li. Two formation cycles at a current density of ~50 mA g -1 were carried out on all coin cell batteries before other electrochemical tests. Specific capacity equals to electrode capacity divided by overall electrode mass including CB and binder. Electrochemical impedance spectra (EIS) were collected in the frequency range of 0.1 Hz-1 MHz with an amplitude of 10 mV. shapes, Heywood diameter ( = 2� ) is used to represent the size of these particles, where A is the area of the particle determined from TEM images using ImageJ software. The average diameter of Si MPs for this study was calculated to be ~2.5 µm with a standard deviation of ~2.8 µm.
Supporting information

Supporting information 3:
Scanning electron microscope images of PAN/SiO/Graphite 800 membrane electrode after 110 cycles at various magnifications a) ×150; b) ×2000; c) ×2000 and d) ×3000. Note: no cracks are observed, indicating the membrane electrode possesses an outstanding mechanical strength and a unique porous structure to accommodate the stress generated during repeated lithiation/delithiation process. Scale bars for a)-d) are 100, 10, 10 and 1 µm, respectively. Sputtering coating is avoided for maintaining the original morphology of solid electrolyte interphase layer.
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